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Summary

Correlation studies suggest that fecal mutagenicity is increased in groups eating high-fat diets, the same
groups who are often found to have high colorectal cancer incidence and mortality. The fecapentaenes are
the best characterized class of fecal mutagens, but the relationship of dietary fat intake to the excretion of
these potent genotoxins is unknown. We studied the effect of changes in amount and type of dietary fat on
fecapentaene levels in 31 premenopausal women 20-40 years of age who participated in a controlled
feeding study. After a pre-diet free-living period lasting 1 menstrual cycle, women were placed on a
high-fat (40% energy from fat) diet for 4 menstrual cycles and then switched to a low-fat (20% energy from
fat) diet for an additional 4 menstrual cycles. One-half the subjects were maintained throughout the studv
at a ratio of polyunsaturated-to-saturated fatty acids (P /S ratio) of 1.0. the other half at 0.3; body weight
was constant. All meals during the controlled diet periods were prepared at the Human Study Facility of
the Beltsville Human Nutrition Research Center. Fecapentaene and fecapentaene precursor levels were
measured in acetone extracts from 3-day pooled stool samples collected during the study. No differences in
fecapentaene or precursor levels were observed between the high- and low-fat diets at either P/S ratio.
Fecapentaene and precursor levels were higher while on controlled diets than during the pre-diet
free-living period. and levels declined again in the post-diet free-living period. We conclude that dietary fat
has no significant effect on fecapentaene or precursor levels in acetone extracts of stool in premenopausal
women. The effect of other dietary or non-dietary factors on fecapentaenes remains unknown.

3 _ The fecapentaenes are newly characterized.
Correspondence: Dr. Philip R. Taylor. Cancer Prevention potent mutagens excreted in the feces of humans
Studies Branch, Division of Cancer Prevention and Control, d " Is (Gupta et al.. 1983: Hirai et al
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1982: Pertel and Sellers. 1986). These ether-linked
lipids are highly genotoxic in the Ames Salmonella
assay and cause DNA damage and mutations in
human cells as well (Plummer et al., 1986; Goggle-
mann et al.. 1986; Curren et al., 1987). Since
mutagenicity is commonly used to screen for pos-
sible carcinogenicity, the discovery of this class of
fecal mutagens has raised hopes of identifying
fecal carcinogens that cause colorectal cancer.
However. the origins, determinants, and in vivo
effects of the fecapentaenes are still poorly under-
stood.

As a result, the fecapentaenes are now under
investigation by researchers in several disciplines.
Microbiologists are trving to identify the meta-
bolic precursor of the fecapentaenes, which are
known to be produced by colonic Bacteroides
species from an unidentified substrate (Van Tas-
sell and Wilkens, 1985). They also hope to de-
termine which colonic factors cause certain indi-
viduals to excrete consistently high fecapentaene
concentrations while others produce no detectable
stool levels (Van Tassell et al., 1986). Biochemists
are studying the unusual instability of the feca-
pentaenes. which degrade rapidly and unpredict-
ably when exposed to oxvgen (Gogglemann et al.,
1986). Molecular biologists are exploring the inter-
actions of the fecapentaene molecule with human
DNA (Gupta et al., 1984). Carcinogenicity testing
is currently under way. Epidemiologists are ex-
amined the influences of factors such as age, race,
sex. and diet on excreted fecapentaene concentra-
tions in healthy populations in comparison to
patients with colorectal cancer (Schiffman, 1986).
The influence of diet on fecapentaene levels is of
special interest. Increased fecal mutagenicity has
been observed in populations eating high-fat and
low-fiber diets, the same groups known to be at
increased risk of colorectal cancer (Correa and
Haenszel. 1978; Ehrich et al., 1979; Mower et al.,
1982; Reddy et al., 1980). Hypothetically, a high-
fat or low-fiber diet could increase colorectal
cancer risk by elevating the total concentration of
genotoxic compounds, such as the fecapentaenes,
in the colon (Goldin, 1980; Reddy et al., 1987).

The dietary study described here was used to
test the corollary hypothesis that a low-fat diet
could decrease the levels of one specific class of
genotoxins. the fecapentaenes, in the fecal stream.

Since the concentrations of metabolic precursors
to the fecapentaenes may relate more directly to
diet than do fecapentaene levels themselves. an
indirect measurement of metabolic precursors to
the fecapentaenes was also made.

Methods

Premenopausal women 20-40 years of age were
recruited from the Beltsville. Maryland area to
study the effects of eating high-fat (40% energy
from fat) versus low-fat (20% energy from fat)
diets at low (0.3) or high (1.0) ratios of polyun-
saturated-to-saturated fatty acids (P/S ratios).
The dietary trial was used to assess multiple bio-
logic parameters, including fecapentaene excre-
tion. As a result, women were not selected on the
basis of fecapentaene measurements. 97 women
responded to local advertisements; 40 of the
volunteers were considered eligible based on a
prescreen questionnaire (no history of metabolic
or chronic disease, no regular medications, no
menstrual irregularities, not pregnant or lactating,
no unusual dietary patterns): 37 passed a screen-
ing evaluation which included a physical examina-
tion and hematologic and biochemical blood tests,
and started the study; and 31 completed the study.
Subjects were paired on relative weight (weight/
height) and randomized to one of two P/S groups.

After a pre-diet free-living period lasting 1
menstrual cycle, the women were then placed on
high-fat diet for 4 menstrual cycles and the
switched to the low-fat diet for a similar period of
4 menstrual cycles.

During the controlled dietary periods, all meals
were prepared in the Human Study Facility of the
Beltsville Human Nutrition Research Center
(BHNRC). Breakfast and evening meals on week-
days were eaten in the BHNRC dining facility
while carry-out meals were provided for weekday
lunches and all weekend meals. A 14-day menu
cycle was utilized, formulated from commonly
available foods. Women started the study at the
caloric level closest to their estimated maintenance
requirement, with total caloric intake adjusted
during the study to maintain body weight. The
women were weighed each weekday while taking
the controlled diets and were interviewed at that
time by the study nurse who recorded any dietary



irregularities and stressed the importance of com-
pliance.

Fecal samples were collected at the midpoint of
the menstrual cycle 6 times during the study: pre
diet (a 1-month free-living period prior to diets),
during the second and fourth menstrual cycles of
the high-fat diet. during the second and fourth
menstrual cycles of the low-fat diet, and post diet
(a free-living period approximately 4 months after
completing the low-fat diet). All fecal samples
were 3-day pooled specimens. Collections were
made in plastic bags and immediately stored on
dry ice after which specimens were homogenized
and lyophilized, then re-stored at —40°C or col-
der until analysis. Since fecapentaene degradation
during prolonged storage was a concern, sealed,
lyophilized samples were assayed as soon as feasi-
ble, within a few months of the end of each
collection period. A systematic subsample of
specimens from all batches was re-analyzed at the
end of the study to assess batch effects and to rule
out laboratory drift. The conclusions were not
affected. so only the original measurements are
presented here. Fecapentaene assays were per-
formed in a masked fashion at the Department of
Anaerobic Microbiology at Virginia Tech. Two
measurements were made for each sample. Total
fecapentaenes were quantified in acetone extracts
of the Ivophilized stool by high-performance liquid
chromatography, following previously published
methods (Van Tassell et al., 1986). Also measured
were the total fecapentaenes in lyophilized sam-
ples incubated anaerobically in nutrient broth,
with added Bacteroides thetaiotaomicron. for 96 h.
The conditions of incubation were designed to
promote maximum production of fecapentaenes
from available precursors in the samples (Van
Tassell et al., 1986). Thus, the incubated feca-
pentaene value can be viewed as a measurement of
potential fecapentaene. or “precursor”. concentra-
tion. All assay results were expressed in nano-
grams per gram of lvophilized stool (ng/g). Sam-
ples with values below the detection limit (20
ng/g) were given a value of 10 ng/g while values
in the detectable but nonquantifiable range
(20-100 ng/g) were given a value of 60 ng/g.

Dietary intake was assessed at baseline with
7-day diet records. Composite samples of dupli-
cate menus were analyzed to determine precise

nutrient intake while on the controlled diets. A
quantitative food frequency questionnaire (Block
et al., 1986) was used to assess diet at the time of
sample collection during the post-diet free-living
period. An investigation was carried out (report in
preparation) which indicated that the question-
naire estimates corresponded well with those pro-
duced by 7-day diet records.

Statistical analyses were carried out using the
Statistical Analysis System (SAS) software. As the
distribution of paired differences were typically
not normal, even with transformation, analyses
were limited to nonparametric methods. The
Wilcoxon rank sum test was used to compare the
unpaired differences between P/S groups, the
Wilcoxon signed-rank test was used for all paired
differences, and the correlation between measure-
ments used the rank methods of Spearman.

Results

The empirical distribution functions for both
fecapentaene and precursor values from the pre-
diet free-living period are shown in Fig. 1. The
median value for fecapentaenes was 252 ng/g
(range 10-14001) while the median value for pre-
cursor was 5451 (range 60-39 910). Spearman cor-
relation coefficients between fecapentaene and
precursor levels from the same sample within each
of 6 study periods were consistent and high, rang-
ing from 0.54 to 0.65.

o O o O O o
» W [©)] ~ @ [(e]
T T T T T

o
%)
L

Empirical cumulative probabihty
o]
N
T

—2. Fecapentaene
- ---X Precursor

o
s
T
\
\
\

I s B S S o

Lnfecapentaene or orecursor level

Fig. 1. Cumulative distribution function of pre-diet feca-
pentaene and precursor levels.



TABLE 1

MEAN (S.E.M.) DAILY NUTRIENT INTAKE FOR SUBJECTS FOR THE 4 STUDY PERIODS

Study period

High-fat High-fat Low-fat Low-fat Post diet

P/S=03 P/S=1.0 P/§=023 P/S=10 (N=17)"

(N=15) (N=16) . (N =15) (N=16)
Energy (kcal) 2278 (65) 2180 (81) 2260 (97) 2280 (110) 1841 (189)
Protein (% kcal) 16 16 17 17 17
Carbohydrate (% kcal) 45 45 64 64 46
Fat (% kcal) 39 39 19 19 37
Cholesterol (mg) 374 (11) 289 (10) 230 (9) 199 (9) 270 (32)
Saturated fat (g) 442 (1.3) 26.8 (1.1) 20.9 (0.7) 123 (0.6) 262 (3.9
Oleic acid (g) 30.5 (0.9) 335 (1.4 149 (0.6) 170 (0.8) 255 (3.0
Linoleic acid (g) 14.6 (0.9) 261 (0.9 6.9 (0.2) 129 (0.6) 130 (2.9
Crude fiber (g) 5.8 (0.2) 5.6 (0.2) 7.9 (0.2) 7.7 (0.3) - ¢

* From 7-day records.
® Dietary values as estimated by Block Self-administered Diet
¢ Crude fiber not estimated by this questionnaire.

Table 1 shows estimated dietary intake for study
participants over the 4 dietary periods of the
study.

For both fecapentaenes and precursor, values
were similar across P/S groups at each of the 6
sample periods except for fecapentaene levels at
the end of the high-fat period where the P/S = 1.0
group was much lower than the P/S = 0.3 group
(median values 173 and 2040 ng/g, respectively;
data not shown). These two P/S groups were
pooled for all remaining analyses.

Table 2 shows the median and range for feca-
pentaene and precursor levels for all 6 study peri-
ods. The values increased in going from the pre-
diet to the high-fat diets, rose slightly on the
low-fat diet, and then fell when subjects returned
to their post-study free-living diet.

The remainder of the analyses were conducted
in a pairwise fashion (i.e., each woman compared
to herself). There were no differences in feca-
pentaene or precursor values between the mid-
point and end of the high-fat period (for feca-
pentaene. p =0.793; for precursor, p=(0.742).
Similarly. there were no differences between the
midpoint and end of the low-fat pertod (for feca-
pentaene. p = 0.127; for precursor, p=0.333).
Consequently the two high-fat values were aver-
aged for subsequent analysis and presentation as
were the two low-fat values.

History Questionnaire (Block et al., 1986).

The distributions of the paired differences in
fecapentaene levels between baseline and the 3
other dietary periods for the study are shown in
Fig. 2. The same picture was observed for pre-
cursor levels (data not shown). No difference in
the distribution of differences was observed be-
tween the high- and low-fat periods for feca-
pentaenes (median increase from high- to low-fat
periods = 591 ng/g stool, p =0.051) or precursor

TABLE 2

FECAPENTAENE (AND PRECURSOR) LEVELS BY
STUDY PERIOD (ng/g dry weight stool)

Study period Number Median

Range

Middle of high-fat

End of high-fat

Middle of low-fat

End of low-fat

Post diet
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Fig. 2. Fecapentaene levels (difference from baseline). Median,

10th and 90th percentiles of distribution.

levels (median increase =474 ng/g stool, p=
0.564).

Fig. 3 shows individual plots of fecapentaene
values for the controlled high- and low-fat diet
periods.

00000

Finally, because fecapentaene and precursor
levels appeared to be higher during the controlled
diets than in both the pre- and post-diet periods,
we compared pre-diet to controlled diet (an aver-
age of all 4 values obtained during the controlled
diet periods) and controlled diet to post-diet. For
fecapentaene values, the median difference among
individuals going on study was an increase of 1085
ng/g stool (p=0.003), while the median dif-
ference in going off study was a drop of 840 ng/g
stool ( p = 0.097). Results for precursor values fol-
lowed a similar pattern (median on-study increase
= 7471 ng/g stool, p = 0.0004; median off-study
decrease = 4087 ng/g stool, p = 0.037).

Discussion

We studied the change in levels of feca-
pentaecnes and their metabolic precursors in
acetone-based fecal extracts from premenopausal
women, in response to a tightly monitored reduc-
tion of dietary fat. We had hypothesized that a
low-fat diet would lower fecapentaene values,
based on two previous observations: (1) groups

gl

Fecapenioene | ng

Hegh - fat
it
Study oerigds

Fig. 3. Fecapentaene values for high- and low-fat penods of study.
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with low-fat, high-fiber diets have been shown in
previous correlational studies to excrete lower total
mutagenicity than groups eating Western-style di-
ets (Ehrich et al., 1979): Reddy et al., 1980); and
(2) fecapentaenes account for much of the muta-
genicity of acetone-based fecal extracts (Dion and
Bruce, 1983). However. both fecapentaene and
precursor levels increased between high- and low-
fat diets, though these differences were not statis-
tically significant. The only effects that were sig-
nificant related to being “on study”. Both feca-
pentaene and precursor levels increased markedly
after starting the controlled diet, and both de-
creased after going off study. This finding suggests
that dietary factors apart from fat may influence
fecapentaene levels. but the variables responsible
for the study effect are unknown.

While other studies have reported changes in
fecal mutagenicity in response to dietary manipu-
lation (Reddy et al.. 1987; Bruce and Dion, 1980;
de Vet et al., 1981: Dion et al., 1982; Kuhnlein
and Kuhnlein, 1980: Kuhnlein et al., 1983), this is
the first report of fecapentaene measurements fol-
lowing controlled dietary changes. If elevated di-
etary fat is ultimately shown to increase the risk of
colorectal cancer, it appears based on our investi-
gation that this effect is not mediated by the
concentration of genotoxic fecapentaenes in the
colon. Our results corroborate a mutagenicity
study by Bruce and Dion (1980), in which dietary
fat supplementation had no effect on the mutagen-
icity of organic-based fecal extracts from 9 sub-
Jjects. Their genotoxicity assay was Salmonella tes-
ter strain TA100 without S9 activation, a method
known to detect the mutagenic effect of the feca-
pentaenes. However. other genotoxins detected
using different laboratory techniques may have
varying dietary determinants. For example,
Kuhnlein et al. (1983) observed an increase in
water-soluble fecal mutagenicity following an in-
crease in dietary fat plus refined grains, in their
trial of 6 subjects.

Thus, our results must be interpreted with cau-
tion since they do not exclude a potential reduc-
tion in the levels of fecal mutagens other than the
fecapentaenes in response to dietary fat reduction.
This possibility is currently under study using the
same stool specimens as we tested for the current
presentation. Moreover. the effects of other di-

etary manipulations and the influence of non-di-
etary factors on fecapentaene excretion are un-
known and merit further study.
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